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° ' T £P * - * # € S- - ^ 

- 4Jt m f% & M & * *# -t- # #j M £ -b. ■« ;& - .tt % ^ * # 

t _h ^ * fife- ^ ^ tfJ ^ «* ># ^- ft B ^ ffi> ^ /£ * # 3P 

^ 4L - o > J. 41 SI «, J& *F. 4& a* % — ^ ft . 

• Jf TS o ^J- $ - ^ ® ^ # ^ H ^ M £ 5. A ^ ft 3£ 

• it ft & ft -ft JR. m - ^A-*-IL^b^^.»-««-fc- ' * 

H -ft'* as-*— ' f-^-ffc^^^^^ 

# — ft 4b yf £■ ' & ° ■ * 1^ * — ft ^ # 0 ^ J& a a # 3fr M a ^ 
fa * ( -) - 4L$ft&H*:$2Efl - 

• 2 0 0 - -f t^'it '& & ; 

2 0 2 ~ ft 4b & j j 

^ ' ^3L# a ^8# (-S-W^jR : Method of Fabricating a Memory Cell with a Single 
Sided Buried Strap) 

A method of fabricating a memory cell with a 
singled sided buried strap. A trench having, a 
trench capacitor is provided. A collar oxide and a 
conductive layer are formed on the sidewalls above 
the trench capacitor. Part of the conductive layer 
and part of the collar oxide are removed to form an 
opening. An F + - con t a i n i ng angle implantation is 
performed on a first side of the opening. Then, a 
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2 0 4 ~ H 4t # ; 

21 o~ ># ; 
2 1 2 ~ >n m « ; 

2 1 4 ' - 41 ffl ft -ft ># ; 
216' ~ % - Ufr it # ; . 
2 1 8 ~ frl o ; 

2 1 8 1 ~ # - #j s ; 
2 1 8 2 - % - m & ; 

220~^H** J ?-*-« £ A tt. >^ *L 



^ * &X# a fl*5-£- (-M^ft : Method of Fabricating a Memory Cell with a Single 
Sided Buried Strap) 

first oxide layer is formed on the first side and a 
second oxide layer is formed on the second side of 
the opening, wherein the first oxide layer is 
thicker than either of the second oxide layer and 
the collar oxide. The second oxide layer is 
removed. A buried strap is formed at the bottom of 
the opening. Thus, the buried strap is isolated 
from the first side by means of the first oxide 
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^ - (# a ^^^4 : Method of Fabricating a Memory Cell with a Single 

Sided Buried Strap) 

layer. 
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3L > tfltftWCl) ' 

[ # m a ^ & m 4i ^ ] 

^ & w 3k % m ifr - n A % % & %i tfj it -It J!fe $L 0. ' # #J 

|. ^ || ^ ^ t * * f i ^ f a B a H ^ t I t *£ 'It «t 

(DRAM) ^ *a 'It ' Ife HI ° 

t&jUfifc&^^.SE.'Ift** (Dynamic Random Access 
Memory • . u T ffi # ^DRAM ) # a 'It Jife (memory cell) 
ft € g. i§ #j # € # ( charging ) JR J& #. # # IF ■ ^ # - 
DRAM ie, 'It J& * * - 4f + & t A ft(MOSFET) a A - t * 
1 #T & & ' lllra^^^f A ft(MOSFET) tfj ft & J* tt t 
S 1 € ■ '14 #• ° $k £ #1 VL 'It J& #> # & - t & 'It l& P#- ?'J 
(cell array) ♦ i% SL 'It J3fe ?'J # ^- ^ i£ Sfc- ( per i pher a 1 
circuit)iiMffnf.#iU -DRAM tg # - 

it * *. ' £/G#*#£#**&*.**«jfl*iK.T ' «. 4* 
ft ^ # f ^ ^ ^ t * ^ * if *b * ^ & frDRAM to 
# #j jft # £ ° #J *° ' *'I A3 J*- It 4b (three-dimensional)!: 
^ it ^ ^ # #j © f; ^ li 0 

'It J3& jfi. sg. ° . 

if & ' f£ $ £1 A K ' & ^- ^& ;&100_t^j&-^ 
^ (pad layer) 1 .1 0 IB # ' «4f>fllO^&^-|L^b^>f(*. 

m ^ ) n- — n -ft ^ ( 4t g] 7F ) ° £M£ ' a it ^ ^ 1 1 o si # ^ 
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i - (2) 

s *° m s& ^ /& - * *t € s. ( * ® ^ ) ^ tg >m * *• 1 1 2 ^ t ^ i 

(lower portion) ° 

1fr.#-H£lBB . /& - 41 ffl |L 4b ># (col lar oxide 
layer)114^t£>m&**H2_L£p( upper port ion) 4l #J g 
_L » . J. 4S 9 4Mb#1144fcafr- , i*jft*tfc£-(*-B tf ) 4i _t 
^•«5«.«^*->A^4Hl 6-* #112- • 

tit ffl % 1 C ffl ' * 1$" £P *fc £ a B a M 1 1 6 A $■] *J ^ 

£ & ^ >f 1 1 6 ' j&'fljteaMS&J&lOO:*.* 0 

ft #- B3 ^ 1 D 9 ' 41 4t — *J # ' * ^ ^* ^ ffl & 
Jt 1 1 4 i $•] *i # 4l 4i si a ^ J- 1 1 4 ' *'«tea**Hfc*-£ a a e 

tf #- H $ 1 E 9 ' & - # & ^ £ & & % ( *J *° * ^ 

S ^ Jf ft ^ ;& - S ft 1 2 0 ffl n 1 1 8 4L ^ £P ° 

tfr £ H £ 1 F 9 '#j&-Jft*4(*.B*TO*i**Ma 
118 ' $ £P ^ © £k & & Mt >t ft ^ j& — *S R 1 2 2 ^ & i% ft 
£ 1 20 _L ° 

If ^ Ba ^ 1G 9 ' *»J Jl & IHb * (thermal oxidation) 
^/ft - ffl & 4b Jf 1 24 ^ t£ M a 1 1 8 ^ 4*1 £ -t • $ & # ^ & 
- ffl & 1 2 6 ifrn m S&. % 1 2 2 Ji » 

tf #- m #1H 9 ' *&-J& - « ^ W BR ^t(spacer)128 ^ tg 
M"d118Ji*P^«*Ji ' /»«.##-tHt*130# & « M a 
118 ° 4i ' tf> }tPilj^(shallow trench 

isolation, STD132 ft ;£4I3l*7 ^(active areas) > a A 
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3L - &WttW' (3) 

tf^^flHffl ' ^^-^7G^(word line)134^t^f- 

fft M 1 3 0 _L ° & % ' it 4t life f" *A ^ *L ^ © ^ J*. — ^ ^ & 1 3 6 
^ t£ & 4& 1 0 0 * © t ° *^-LSfe^Ljfi.j&^iS6a«.4f-«SiS l 
#12 0 6/ *h M t(out-diffuse) fln fl£ j& — * 4£ (a 1 3 8 - 

m ffn > * ^ -L idL f ^ H a #r ^ #J & ^ El 3 8 #> - 
' t ft * *& 'It fa 4L * * S 1 38 6d W £E" d" fit £ X- "t Us 'h 4t 
ffn ^ ^ M & i£ ' it -t & /& Ml i >M % >,? L ( 1 e a k a g e ) ^ F-1 

H -* *I m 6432774 ^ * ^^-^^r##i^ta s a It 

# t& -it ife %. ' & n it & ^ & it ^ * & n ' & fl& n 
& m $L # ^ ^ 4i # 'it ife #j % & n. # 5. 4i © *f © ' s 

£ 3 £55192363fc#& ?f - m A % £ % 3. % B B a It 

- it m m. #j % 4t % ' mi&fti&&%-3kz-fo&& ° & © 

[ # n % 1 

% m Ifc it ' i # afl^J i I- @ ^ t ^ - f * t ii ii 
l^ifCsingle sided buried s t r ap ) t& 'It J& Ml SL at 3" 
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3. - <4) • 

(single sided buried strap) 3l f&.tik %■ % ft St tt -It Ifc #j 
' & # T 7'J ^ J» • 

«. & — & & ' ; 

>fSL & % - % ft M -t ^ ffc 41 B) i& 3* % An ^ & - 
t£ fit 4 4L TJi £p * Sr ' An . t* M a JL % - % - M >°£ & - % =- M 
m t& % - ft'l ^ ^ 4t ® it 4f - ± IL ^ -f- ^ M £ & * ^ f- 

4b & ' <?n ^ & - ^ - #l *b * ^ n % - #J 

« _L • a R. ft j& - % ft 4b * ^ tt » — W « ' * till 

-*i 4b #4L>9-&A^tt£ — JMb ; 



IMNi Nffitl*Ill 
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i - ®Wi!i*n- (5) " 

4% , ^ttt«-HHA#***-ll ^ ^ An A- tt _# - « 

#g, «jt i% ; 
^ & - *& m. m n % — % ft £ -t. ; 

ff> £ - M « <ft * W * -t : 

^ /& * ^ * - ' W * #j - £ ^ t£ It >i ^ ^ « M c7 t ; 
& - H « a* tt M o ^ #J « .h ; 

# - g ' tf. tt * * m « m a ; ' 

ff> /& — i* ^ m. n — j». # n ^ ^ ^ t ° 

it-. «. & * # ^ * ' ^■a^*?*'^***! W 

ft « ' BS mergence issue) ° 

& ift # B£ 41 _L idt Tfo & *b g # - # > ^ -flb ft «fe 5. W 
II ^ 'It ' T3L#*iB&teir ^ ^ ' & S& W ' # # 

«o fz W *p T '• 

[ it ^ 1 

a T #J ffl H2A-2J SI 
(single sided buried s trap ) Z- il> 'It Ife ( memory cell)# 
f. ^ ' ^ itb a DRAM 16 #'J ' is. 3k # PB. £ ^ #■ bji - 

ffllMb^j-^^fCpad layer)210 - «^-^tt*.^200-ru 
* j& a B B ^(epitaxial silicon) & J& & % Jc M 
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i - (6) ' 

(sil icon on insulator) ffi M. ft ah j& > & it % % it t$L W • 
i£ 4- ^ it & ;& 2 0 0 #, a p ^ * 2 0 0 & iH ° ah m & J% 2 1 0 # 

* - ft, 4b ^ >f 2 0 2 A - • H 4b ^ >f 2 0 4 #f # la. & » ft a 4b # 
Jf 2 0 2 ^ a ^ If. & ft 4b >£>/r ^ /& 4lS i 0 2 ;| - It 4b ^ ;t 2 0 4 
T tt ACVD<^bf ^ ) * #r ^ j& ^ IL 4b ^ 

( S i 3 N 4 / S i N ) ,# - i£ Q %21Q M- ' JSL & Bl #J 4M 5 0 0 ~ 3 0 0 0 • 
$ ft ' « n * /f 21 0 & tt.$J f- ^ ' £ * - * (deep 
trench)212#M£&;£200 t 0 # ' Mm f f. & & & - 
*4tf:S-(trench capacitor > ^B1^f)^^^*#212^ 
T =P( lower portion) - 58 & >£, *f ^ fj? ^ «^.«L ' % /& J* 

# t «- 4l f g sg( t||Lf ^gj| *j ^ 6 1 90 988 ft * A 
^##'Jf6326261 !ife)^jth^^#:iilL° 

fj§- #- $ $ 2B K > ffM-^i^^Kcollar oxide 
layer)214^«^.j*^f212Ji*p(upper portion) ^ #J ^ 
(sidewal Is) _t » J. t£ 4S Si #i 4b M 2 1 4 -fit & *# f; g. ( * 

SI tf ) _L > tfc 41 M ft 4b M 2 1 4 #J *» & * CVD flf ^ j& ^ 
S i 0 2 M ■ * & iH *» 0 0 ~ 1 0 0 0 £ " & ft. » m £ - * - #■ 
fft*2l6#>«i$^fc;|t2l2Jfc*£#J.1*&*2lOJL • t* £ - 
^ » # 2 1 6 4* & & CVD * m % & # & * *t ( As ) & «fc 4l 

£ aa ° 

ft #- m % 2C SI ■ & JB CMP ( 4b * # «f £ ) * * Bfr 4fc 
^«*>#210Ji4Ll*^-f-ft>t216 ' *J**P^ 
0^^^-^^^216i$'J^J#:^^-^^>t216' 4t 3M& 
^«4t4&200*®-Bt^*#^5.(^J*i3000~5000 ^) - 
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5. - feWiSLW -(7) • 

f# ^ S3 J£ 2 D ® ' & ft — m & M m Jl*(overetch 

process) • * Rfr ^ ^ 1* 4K ■ JL 4b * 2 1 4 £ *J *J * ■ ft. ' 

>fb #214' * © 4& ^ *J 4fc •£ - 4ft £216' * fir • *n*b • 5p 

^ j& - flfl o 2 1 8 • fl6ttMa218**-*-"«*2181*-* 

^ W S2182 - 

If $- m % 2E K ■ 9 2E n <A * «■ ^ M At # * ' # « * 
- #J -g£ 2 1 8 1 4l $l © it e - & ft ^ ^ * * ^ i|SL a 
(angle i mp 1 antat i on) 22 0 > * t i i I t ^ ^ I f 
a. ft =&2 2 0 % tf. » ^ ^BF 2 + » -7- ^ $ - « *21 81 It 
© o £ itb * - -M tt, W tfc & ft -f" « A A * ^ *L ^2 2 0 4l 
ft a # ¥h ' * *L « ffr # 4£ : £ 4 ft SI #.15~30keV a A #J 
t ft HI &1E14-4. 5E15 ions/cm 2 • 

tf #- m % 2F A ' it 4t A ft ffl #.9 0 0 - 95 0 °C - ft ft. 
I t(thermal oxidation) » © ^ /& - % — ft. 4b # 2 2 4 
t£ H - $'J ^ 2 2 8 1 _t ' J^JLIsjBf^^,-^ — ft>fb>t226^^ 
f - #1 ^2 282 _L > * t IS * - ft. 4b M 224 ^ £ J$L n b" A afr « 
| ^|.^^ 226 ^J|i"c" ' ffn^-ft J ^b^224#^-^-ft J ^b 
4f 2 2 6 #J *° i 0 2 >f 0 it H # #J «. *ft ft A ' % " ft. 4b # 
224 ^ >?■ A" b" 4l * A ^ t£ 41 ffl ft, 4b >f 214' ^ M- 8L" a" » * 
3r J§£ £ - ft J 4b>#224i#j&-fei&^A;ifr£ ^-ft i 4b,#22 64LS 
ffcHfJifc'&^TFjfc r Sol id State Technology No. 31, 
2 0 0 2 October & tfe tDebra S. Woo 1 sey ft M ft " Enhanced 
discrete DMOS power trench gate oxide growth" j ( -to 
m # ) ' i W frt I 3 1 4fc II ^ & i§F + i&BF 2 + ^ a a~ ^ 
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Ikfe ■ * ft <fb * 4- AC «■ * 90 0 -950 °C ^ & ft <b «. *. *■ 
& it tt il£ ^ ^ & & #j 2 ~ 3 ^ 0 

ff $- ffl % 2G SI ' *•] ffl * ft '14. 4* *J ( * *J ) * ^ ** # 
^ *.4b * 226 fl& * A tt * — « *2182 • g - ft 4b * 2 2 4 

^ # & ^ tt * - m m 2 1 8 1 _h - it U $r & %\ W & ' * ^ 
g - ft 4b Jk 2 2 4 bb % — ft 4b % 2 2 6 # ' ft ^ % ^ ^ ^ \^ % 
*a*tifc*#*^^**«ii*-IHb^ 224' H fl& * *• «¥3 

tt #- w # 2G ffl ' M ffl m> at * 4& f- ^ ' ft & t ft & - 

±JL a ^(buried strap, BS)'W - » ^ * * * 228 «^ tt M o 
2 1 8 ^ ^ «P ' *ttt*-**t*2284* J* * tt * - -ft. 4b * 
224 ffn ft tt US - #J -3521 81 « * Pa m • tt * — * 14 ^ 228 fr] *» 
& # # # (As) & # ^ # a s a *P 0 

If g2H n ■ # j& - <6 * * 2 30 afr tt $ - * ft Jf 228 

Ji ' tt Jg * ># 2 3 0 >J £C VD & ft ft A i 0 2 * ■ 
^TTOCtrench top oxide) ,# 0 # ^ ' #"J ffl lie. B ft 4* 
80 0 - 1 0 00 °C ^ & ft 4b ^(thermal oxidation) • ft&m^ 
£S i 0 2 Jt 6<j - M « #■ * 2 3 2 afr tt $ — « « 2 1 8 2 _t • & • 

# ^ /£ 4?'j *° M # ^ #J # a B a ^ 4L - £ =- % ft >t 2 3 4 ( # ^ 

«*)^<P^ttM o218 t 0 *2HB+tt#ft236 4fc*** 
^ i* H j| 2 2 8 M. j& -L H- & idL i§ %. m. 4k ft fa . *b # 
(out-diffuse) 4l# # IS ' t ft A - m & & ( sour ce 
region)236 ° 

tf #■ 5fl % 2 I B ' m ffl- >^ * ^ ® «i f. ^ ' & W 

iniiiippiii iSiiSKSi 
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3. - fBfltstBg . (9) • 

Si 0 2 Jf #7 - m & W RR spacer ) 238 ^ & M a 2 1 8 _L «p ^_ #J 
£ _t ' $&^/fc-#Eg^ft#240J£}*fiEMci218 ° ^ & ' 
#j i* « CMP *L 2 1 0 ffij^/fc-^Ja^ta&^OO* 

® o # ^ ' ^ j& & * # i§£(shal 1 ow trench isolation, 
ST I ) 242 ifn A ± t& £ ( ac t i ve areas) • 

If #- 5a ^ 2 J ffl ' ^ 7b.&( word 1 ine) ^ # 

i^l4^244^^^ra^lt^240_L - # ^ ' i£ *r n 21 > 
( ^ j& ti? m -f - ) ^ *i ^ jfi. ffn ^ A — SR. ^ d ( d r a i n 
region) 246 ^ Hi & ^ 2 0 0 & ® t • 

[ # 4l # «. ft ft ] 

^r*i^t*^ : * # - #J « * & ^ 4r ^ it 

-f ^i^ittAfg - it 4r * ft, 4b £L a ' JMb 

* ^ g - #J * -t. ' a A ^ A - * — ^ ^b 4 ^ 9 — #1 * ± » 

- #J ^ ft & ffib I*. « 

^ jtt ' ^ * # a £ # * ' ^a* * § * a ^ * 4£ * € W 
* ( & jft ±£ j& >f *# & TA «l ' B S mergence issue) ° £ * • 
i f afl^ T ill ^0 . 1 1 m T ^ It f ^ ' ^ & P) it 
/& to # IS * -fb ^ S #j ° 



3& & & a £ 6 « *t ii. t: fa iH * * -t- ' ft. a 

PI # a £ ' fa" 2& S ifc & # * ' ^ #l £fc # a £ ^ *fr # 
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i > &WiSL*fi- (10)" 

^ . -t "*T ^ 3* ^ t& ifl ^ ' S itb 



^ & ti. 




% 1 a - 1 h m % m ^ % & a % m % & % % n 1 & -it j& 

H g *J fi 8 ° 

■ # 2 a - 2 j m % m ^ * # ^ ^ ^ * * it a. & # ^ «& -it j§fe 
# % m. *i ® si ° 



[ # * «l ^ ] 



w 1 /J 


( % 1 A- 


1 H ffl ) 


10 0- 


^ t£ 




110- 


_rr_ / g 7 




112- 


^ 3t # 




114- 


41 1 t 


lb /a J 


lie- 


£ as 


M ; 


ns- 






12 0- 


is M 




1 z z - 


.*& /w 




124- 


WJ ^ n, 




126- 


m & > 




128- 


m. m 




130- 


* *t * 


> 


132- 


>H 4# 




134- 


^ it & 


> 


136- 




> 


138- 


11. 


o 
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£ g jg ^( %2A~2J SI ) 

200-4- ^ ^ & ^ ; 

2 0 2 ~ ft 4b 1£ >f ( #J *° i 0 2 /f ) ; 

2 0 4 ~ H 4b ^ % > 

210- ^ A : 

2 1 2 - ft 4# ; 

214-41 SI ft 4b A ; 

2 1 4 ' - IN #: ^ ^ S ft 4b % ; 

216- £ - A ^ 

2 1 6 ' - m & % " * ** # ; 

2 1 8 - ffl a ; 

2 1 8 1 - % - « * ; 

2 1 8 2 ~ £ -=- #J £ ; 

2 2 o - ^ a m * « A A. * ^ *■ * 

224- $ - ft 4b Jt : 
22 6 - 9 — ft 4b A ; 

2 3 0 - m Mt A ; 
2 3 2 - ffl ^ ft 4b A ; 
2 3 4- % 3- % & % ( ffl ; 
2 3 6 - ^ & ; 
2 3 8 ~ Pal BR £ 

240- $ ^ tt A 
2 4 2 ~ & # # 
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- . t«MMHJ£H ' 

1 . - m A % * ii J£ 3& ^ ^ 'ft J3fe #j K. it 2r ' & T 
# I* : 

& - g> ' t£;&j&*# — *tt ; 

^j&-#--£ft## k t*J*#*&- t -3r ' ***** * 

-kit 

It J| TH * © ' ffn & M O * * - # ^ fc'J & & - * — 

# tt * - 4M * ^ * ® 5fe fi- - ^ ft. * ^ ^ « A £. * a. $L 

& ; 

ife ;ft - & 4t £ i& ' ^ ^ - $ - ft >* ^ « ^ - W 

a _t . a A ff> A - * — ft 4b * afr t* K5 — #J * -t ' * t tt * 
-JMt*4L,!|.&;fc*MS£ — 4Mb # £ £. ; 

* fife- tfc % =- ft 4b A ith & A « » — « * ; « A 

*p , 4, tt $ ^ ^- £ £ # || * « - ft 4b M ^ A « % - « 
£ & & PS - 

2 . ^ t tt * #>j m is $ i ^ m & * % s & # *~ t& 

* 16 W *L at ^ * ' & ^ T ?>J # * : 
^ & - « * A a* t* 9 — tf- it 4 _t ; 

^ a - m « * -t ; 



HBOTM91 ilBKHBSIB 

■■■1 HHl 
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^ j& - M ^ t Bfl d t ^ A 

3 . ^ t tf * #>j & is $ i as m & ^ * * * it a A V «. 
« jfe ft at # * ' * t tt >* * *- # * ^ * & : 

f^-If^^f>l (pad layer) i. ^ i : & 

& 45 t ° 

4 . *o t tt # *j & m % i * m 4l . * # * it a. a * i «, 

#t ±£ 4 to- j& 0 

6 . ^ t tt # *h i& m % i ^ #r i& * * * & a a # ^ *& 

tt Jfe tt ft at # * ' *ttt4RB<6^^#-Si0 2 ^ • 

tt Ife tt ft it # * ' *ttt*-**4H* - * ^ 



8 . ^tlfr*#JI£H*l*/tf&^*#***** l *- la 
•It lb tt ft it >8r • ^tt^l^^^^^^^tt #. *fL 

tvf + » &bf 2 + m + ^ n % - m m & & - 

tt Jfe tt ft at # * ' * + *^*.» J f-^-«AA*^ft«^-«fe 

4 $1 IS #.1 5~30keV • 

10. & f # * #H& m * 9 * #r it 4l * * * it a ft * *- t& 
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•It ft #j M. it 2r * ' *t«^--IL*fc^^-'«ft-S.tt.>^*L^^#J 
* $& IS 1 E 1 4 ~ 4 . 5 E 1 5 ions/era 2 - 

11. *^n%M&m%l*-ft&^&%^skt2-& f fr*-tL 
•It ft & HL at 3jr * . *tt£&&4t:$La^a&!aE^90()~ 
9 5 0 °C - . 

« A *L at 2r * ' * t tt % — tf- It * - «L # # # a B a # 

13. ^ 1 1 1- r& ii2 si i ^ i- 1 f it if a f ^, 

.*& 'It ft #J $L it >8r ' % t i* IL 4b £ & * & ft 4b * 

(thermal oxidation) #r^;&#jSi0 2 v# ° 

1 4 . * n t tf % m % 1 3 £ #r ic 4l ^ * it jf a ^ ^ 

'It ft #j 3£ it 3r ' * tt*| 4b * tfilftl 
8 0 0 - 1 0 0 0 °C ° 

15. - ^^-#^itS^ ; f-^t&'!tft^f.it^^ ' & # 
T ?'J ^ : 

Hi & - & 4£ ; 

^/&-fflfMb^^>#;i?M££.J£jL ; 

% & - t% m & & m ^ t% & t% ±. $p & m m ^ ±. ; 
*&/fc-#-$-*t#^«*4t«#Ji3- ' ii. * an * * 
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a > ttjMMHi&iii ' 

^ It jf ^ Tl 3p 4t © » flpttPffla^l'I'llf ^-l-li'J 
*j- ^ - #J £ ^ * © it # - ^ -*L ^ ^ 4* % & * ^ 

m. \ 

• a&^ifc-*— lUb «*-fc- ' * t « * 

^ , £tt*|5j=.f.|iJ»fc#d^£-*Ub*ifij*tt£~« 

^ *s & n% ^ ; 

— JS^-t^ta^ — $-&#-b ; 

^ - M ^ * ^WSi. : 

^ ^ - ffl P£ £ ^ *S M oiWS± ; 

ff> /£ — J* ^ H & — ' SR. ^ & ^ t£ & M. t ■ 

f£ 'It J& #J $L i£ 2r ' * ttiil^-^II ° 

17. 4o t If 4f- #ij & ffi £ 1 5 3S #T it * # Jp- it S & 
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tt. aF + ^ -f- ^BF 2 + ^ 3fr « # - *'J « * © - 

18. tff^^'Ji&Hl ^lS^^/tiC^***^:^^^^ 

te, -ft j& m fl at 2f * ' *ttilt^^M^itAf f ^ 

# # & & : fbill #.15~30keV a JSL.M t $tL S # 1 E 1 4 ~ 
4. 5E15 ions/cm 2 ° 

t& >|ft & at 3r * • * + 4b *L**-a&l£ffl # 

9 0 0 ~ 9 5 0 °C ° 

20. ^ttfr^'JfcfflfclS^&tfifc*-*-******* 
^ t& 'It lb ft at 3" * ' **ttffl*IHb,t'ft«*ft*. ^ * 
(thermal ox i da t i on ) #t & /& #j S i 0 2 yf ° 
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% 1/23 1 



% 2/23 1 




% 2/23 1 

Ml 





% 5/23 I 



I 




% 6/23 X 




3£ 6/23 I 




g 7/23 I 





% 8/23 I 



9/23 I 





% 9/23 I 
BP" 

!5 





lift 



* 10/23 1 




mm 



% 11/23 I . 




% 13/23 1 




% 15/23 1 



Willi 





il 




% 11/23 I 



IB 



« 12/23 1 





$ 13/23 1 




9 14/23 I 




£ 16/23 K 




9 18/23 




3? 21/23 1 
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Thermal Processin 
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^^^^^^^^(furnace gate oxidationjgjyfij&ij 
i?g«gStemSMHfcffi(selectively implanted 
fluorine) ■ SSSS^iirit JuSt-ft JI^S ' 3£2fc#Mffc 

•ft®(gate oxides)]il^|Hfitllf:SPI^fi£^: » 



^mmm^-nmmm » a w 

J|fs(MOS trench- transistor)Sf ■ HftffiSt 
tlfbM^^aigfsilicon substrate)«miS 

a: n j* ± • wosftjaaAa«Kfi* 

(fluorine ions)l£ BF, - s6ti*lt jUS^M^ fllital 

£-(die)p<j2jfg • ;F&SPttS«EJ9!fta-^3££l3 ■ ID 
eif«I««IIS§ • #^SfbB# ■ tefffiffifi-JffJffl 

HWbS(conventiona] oxide) (H — - M-) ' 




«-f#l«Hft«*'fbJiai^BSW«W (trap 
charges)ntjJE(^ • PS W tl ft ffl 5? S U 4> 

ib«ii$^Bg« • Ea^-6£*^JSBt 
N - Z&K • flAiftSfatiAr^Sit 

si e6 « 1± $ h is "51 « th m. * #n M m m 



E— : H 95D°C Thermco jg^m . 4.5 x 10' 5 
ions / cnVgjSSSf^/SSBt) DMOS IB 31 iS IS 

icsnasijsii • 




Drain coniacl 



fiuonne icnc in ins 
gais o/.ios 



J-M Jt3l on Sf (production-quality)^ 

so mmii^i ■ mm—^m 
mmmufr • m,mm.fe%,mm 600 

iS-Hi - <ioo>SS - ffl«-?3Hff(p-ty P e) - ^^umi: 

b^j dmos • w. o.sm^^miM i a-*gsflEfi?i»jii • 
wmmjMm^m BF 3 mm omn^^mnmm ■ a 

W Eaton GSD75SK-3ttjlJil 3 Fraftaiaffl«lfi 1 SEa 
ill RJ ffi £ «t £ ± W T 9 * 'J ^" 

!sjtr=4f£i 0 S^tSA^^ ' S^iil 5.0 x 10" ions / cm 3 

TSi io u ..«£(shift)fl*j3Mi ■ flD3t-#-ai»fltRffl«i7 
sstb ' .-nr.mmit^smu] - jibw's - 60 kev^Pi 

.iSi>® '.SISaiiTffllK • *§f*»iflet£0 - 1.500 a fflSSB 

[5lftt- i ') x I 0 [ ' - 4.5 x I 0 15 ions / cm- • 
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l,]75°Caflr«H31f5«SMRib(dry oxidation)*!^ • ffi 

ess / ty-ftw • ra»iftffiwiffa^w*BEi±(g»w-o»de 

integrity • GOI) - 

iZifMlllfi AMAT&?)ft5S^)ffiSIS«(*l3l 
=ff ' B£ T J* ft it 2: BU ft it frU-fbf&ffiS (hydrogen 
anneal)2.* r ' K ft B&0!l*H III •' &M 

JRKa(RTP)ll«7#ttThBnncoiKja * f^^WM^ 
ill • afiJ-^S-ftBU ' M^fi^^^(hydrogen- 
terminated)i?SB ■ £Sggi!gSH£®if BfcT 10 ~ 25 A 
m » SlffKaWJR^*ftB"(native oxide) : rraSlffit^ 

l,000°C*&g- 240 torrEiJjl^ 60#MKjtt5ll^^ 

i&gKffiUfl ' SiiJ — BJPfi 300 a W^^BBfiift-fb 

mm^m bf 2 fitjs-fbpsa 

Deal-Grove ffiH&ifc^fll&jf £6US£3W« -ft (dry 
silicon oxidation)^!) • SMS^^SSJS 30 nm fltJ^E® 

asp, 3] ■ 



5 = 2D. 



*J7 



[n 



O) 



(2) 



gfe Deal-Grove StHg1±iti^Jl4M^ffii!l (linear parabolic 
rate law^^^^^^K* = 



dx 
dt 



F 



, k kx 
h D 



(3) 



or y 



tMf^fisg±ft • ^ftmsg^KJg.:^ si-F 
is • si-F ^nis.m^w.^^Mmn - k^m*^- 

jffi ' Si-Si Bafl*J^fg(42J2 kcal / mol)33R Si-F 
£-fg(129.3 kcal / mol)%i& • M-&ftM,gf T^Ss&S^lSl 

T- - 4RSI9^I^K)A16iI • »!EIEmW 
• 3E*Wtt Si-F 53-^ M Am 71 &t) 0- 3 «?J^JE 

nt** si-si n si-F aima-^jEfffli - ^5SE"5jffl^ 
Si-F ^^^FjH]M- Si-si 53-^ . j^ajuma-^WHWttj 
KM • HittiiJ£HI»iftSUbJi'[4, 5] • fiB-RTjaJ3t 

affl-tt • mm&m?^m • «f#®#&5«<b» - 11 

E£l - 

^^KjJtffi^S (packing densities) nlJ^lS^a-fb® 
ffrTOtt (accessibility) • fgffi^-^f ^I^^S^SS • 

138511 Si-F^SSKJK • 

?IS£^^K^.MS,Im,(stress-induced leakage current) 
fomWm.£.VkPKirap creation mechanism) - #d®3g}ll#a 

m.B.^m^m^ • 3iA«j*us^ja si-F^m&ft ss-h 

mm • HHSH»Hafc#M««tf;W*SE't£(B«e oxide 
integrity ■ GOI) ■ jKHS^SW^fii.S?- 

^pg^ttTWrralEW GOl S-fb> Jlk 
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Aid State 

1ECHN0LOGY 



8SST 



Bjg^mF, »*»|R«SJiI^Fft BF 2 &#«?.J.y.M« 

damage) ■ Ig^fS^f ±I»^^ fi5S " * 
m ^. mB 7MXmmmm^mm : WfiSffl Thermowave 

j^«fl:«rRTPmaifftt*fl:J»M ■ *SEStatt 

*£Sflt 950°CifllD§ l J 1,100°CB§ - fiJ$-tia7C^tS^ ' 

wtmmfr&te • fiii® uoo-chs ■ *a 



1000 r 



500 



BF 2 -implanted substrates 



Fluorine-implanted substrates 




Si0 2 without fluorine implants 



850 900 



950 1000 1050 1100 1150 
Temperature (°C) 

H = • £ 4.5x 10" ions / cro'aiWSSe-mBF^ttT ■ 



Si-O-Si §t[4] ' 

mwmmxim&ftzitt*** i° ,4 ~ 4 - 5x 10 ' Sions 

/ cm= £Fel • flgfttt 15 ~ 30keV • ^ 900 ~ 950°C 

mam 60 kevBt • Rsaisnts • mmi£ '° * 

10" 50 4,5 x 10" >ons / cm* SB • fiWWKM'J^" 0 

H B £ ) 



950°C 




No 15keV 30keV 15keV 30keV 15toV 30keV 
implant 4.5e14 4.5e14 1.0e15 1.0e15 4.5e15 4.5e15 



700 
_ 600 

fsoo 

as 

1 400 
300 
200 



BF, 850°C 



Fluorine 850-C 

/ 




s Fluorine 11 00°C 



10 15 20 25 30 35 40 45 50 55 60 65 
Implant energy (keV) 

«tflff^fii^HW»iiJ ' **ln«ll6*ffia 60 keV 
^ , ffS3 oo X^m<bJl^*PiS ' fiAf KBfe* 
>uoo A)M« ■ ffiS 3°° 'A^ffitEA.fi*HR«M 

ptiTOw^aKi* • /h» 200 A saw * eV 

*x^»9tsiese^ 65 
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TSl id State 
ECHNOLOGY 



Test 


Dose 


Dose 


i 


(ions/cm 2 ) 


(keV) 


01 


1.0e14 


5 


02 


1.0e14 


10 


03 


1.0e14 


15 


04 


4.5e14 


5 


05 


4.5e14 


10 


05 


4.5e14 


15 


07 


1.0e15 


5 


08 


1.0e15 


10 


09 


1.0e15 


15 


10 


4.5e15 


5 


11 


4.5e15 


10 


12 


4.5e15 


15 


13 


No irrmlant 


N/A 


14 


No implant 


N/A 




01 04 05 06 07 



f Siitf ttfitttffI(V [ri , ■ electrical 
thickness)m?rt^ft^JIltt«1£M##TBf ' MTFiti 

— mmtianrntammto • SEJaffisisa.o x ic ions 

^rm'i'Sdiif IflSJ 4.5 x 10 M ions / cm : B# •■SfJK^ 

ffi 13 m H ftffiaMtEM 14% ■ tttSIM'J' <3% 

• «SM«B*3fc«tt 4.5 x 10" ions / cm? fgSft 
-fbfl* ' W@6tJ*^S!l»^4.5 x 10 M i*ijnM4.5 x 10 15 ions 

/ cm-m ' mmmmmm^m -tmrnwrnm io ■ 
sSi»ms^fg*¥^ii^ 5 kev $ so x m : m&m • *m 
S0S42.5 v • jfjnTJiAfcj ^ % ' Mmi±etjffgMy^ 

SOM 400 A • if?iT 33% 530 A 

BF, fit/SliSeDg 1 x ]0 M -4.5 x 10 15 ions / cm 2 - WM^ 
m BF, fiiI«tM5ftS' ft Tbermco fltfi*? 

JCSI^^^K 900 ~ 950& ■ mR'MB.i^m^^n bf. 



08 09 10 11 12 13 14 02 03 
Test # 



200 Xw&m^n, 

ffi =?■ ffr ff W #c * 
M W *1 ft -ft S • 

-fbffiS«gJ^4.5 x 
10' 5 ions / cm 3 6^j 
« ■ igjD 76.6% 

ft-fbJfJS* • IH 
St 65 S R ft -fb J! 
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